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Ilpusooamcsa pe3yibmamol UCCAe008AHUA 6NUAHUA KOHUCHMPAYUU PA3TUYHBIX MAPOK
Oymaouen-HuUmMpuUIbLHO20 KAYUYyKa, MURA U COOEPHCAHUA CUIUBAIOULE20 A2eHmMA HA (PUu3uUKo-mMexanu-
yeckue u mepmooedhopmayuonHvle C6OICMEA NOTUMEPHBIX KOMNO3UYUIL HA OCHOGE NOJIUNPONUICHA.
Cmeuienue KOMHOHEHN08 CMeCU OCYULeCIGIAIU HA 20PAUUX BATIbUAX 8 PeMCcUMe PACNIA8A NPU HeM-
nepamype 170 °C. Ilpedeapumenvnoe ucciedosanue 61uaHus KOHUEHMPAYUU KAyUyKa Ha c60licmea
KOMRO3uyuil Ha OCHO6e NOAUNPONUTIEHA NOKA3AI0, YMO 66e0eHUe IIACHOMEPHO20 KOMNOHEHMA
npuEOOUm K 3aKOHOMEPHOMY CHUNCEHUIO NPOYHOCHU U OMHOCUMENbHO20 YOIUHEHUS KOMRO3UYUIL.
Pezynomamol uccinedo8anus mepmooedhopmayuoHHbIX CEOICME NOTUMEPHBIX KOMRO3ZUUUIL NOKA-
3anu, umo npu Konyeumpayuu xayuyka 30 % macc. u evluie HA mepmomexaueckKux Kpuevlix 3d-
MemHO 6bloenAemcs 00J1aCmb 8bICOKOIIACHIUYECKO20 COCMOAHUA, XAPaKmepHozo 01s pe3un. Ilpu-
HUMAA 860 6HUMAHUE, YN O PEIUHOBbIE MAMEPUATIbL NOTIYUAIONICA 8 NPOUEcce UX 8YIKAHU3AYUU, RPeo-
CMAGAI0Ch UHMEPECHBIM 01 HONYYEeHUSA CONOCIABGUMbIX Pe3Y/IbMamoe nPoeecmu CULUBKY Mame-
PUA06 08YMA MUNAMU 8YIKAHUZYIOUW{UX A2EHM 08 - NePOKCUOOM OuKymua u cepvl. Konyenmpayuio
nepokcuoa ouxymuna eapovuposanu ¢ npeoenax 0,5 — 2,0% macc. Ycmanoeneno, umo ucnoyib3oganue
nepoxcuda ouxkymuna é xonuuecmee 1,0-2,0% macc. conposorycoaemea uHmMeHCUHbIM NPOMEKA-
HUeM CUUBKU ¢ 00PaA306anUEM 8 NOTUMEPHOI KOMNOZUUUN He0OPamumMOoll 2yCmocemuyamoin CmpyK-
myput. Ilo pesynomamam ouenku nokazamensa meKyuecmu pacniaea 6yAKAHU308AHHBIX KOMNO3U-
Yuitl Obl10 HALIOEHO, YMO NPU KOHYEeHmpayuu nepoxcuda oukymuna ¢ koauwecmee 0,5% macc. onu
euje coxpanawm cnocoonHocms k meuenuto. Ilpu Konyenmpayuax nepokcuoa OUKYMUIA CEbluLe
0,5% macc. norumepnsvle KOMROZUUUN NOTHOCHbIO MEPAIOM MeKyuecmb pachiasd. bvlio ycmanos-
J1eHo, Umo c yeenuyenuem Konyenmpavuu cepvt om 3,0 0o 10% macc. nabniodaemcsa cnudicenue no-
Kazamena mekydecmu pacniasa om 2,76 0o 0,616 2/10 mun. bvino naiioeno, umo npouecc cuiugKu
npeumyuiecmeenno npomexaem no 060iinvim ceazam CKH, cnocoocmeyrouwyum, mem camovim, noJy-
YeHUI0 OUHAMUYECKU 8YJIKAHU308AHHBIX NOJIUMEPHBIX MAMEPUAIOE C YHUKAIbHbIM COYemaHuem
cmpykmypul u ceoticme. Iloomeepacoenuem cKkazanHoMy 0blu pe3yibmamsl UCC/1€0068AHUA MEPMO-
oehopmayuoHHBIX XaAPAKMEPUCIMUK KOMNO3UYUTL, CO2NACHO KOMOPLIM 80 6cex 00pazuax, nooeepe-
HYymbIX CepHOil 8YIKAHU3AUUN, HADII00aemcs nepexo0 U3 001acmu 6blCOK0INACMUYECKO20 COCOA-
Hus 6 easkomeKyuee. Pezynomamol uccie008anus no36014a10m ymeepiucoams 0 mom, 4mo OuHamu-
yecKue mepmoIiacmoniacmvlé03MOINCHO ROAYUUMb MOALKO NPU NPAGUILHOM ROODOPe COOmHOoUuLe-
HUA UCNOJIB3YEMbIX KOMHOHEHM 08 8 HONUMEPHOI KOMRO3UYUU.

KuioueBble cjI0Ba: MONHIIPOINWICH, OyTaIleH-HUTPHIIBHBIN KaydyK, areHT BYJIKaHHU3AIUH, TUKYMHI
NEPOKCH], Cepa, TepMO-1e(HOpMaIOHHBIE XaPaKTEPUCTHKH
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The study results of the influence of butadiene-nitrile rubber different grades concentra-
tion, cross-linking agent type and content on the physico-mechanical and thermo-deformation
properties of polymer compositions based on polypropylene are presented. Mixing of the compo-
nents was carried out on hot rollers in the melt mode at 170 °C. 4 preliminary study of rubber
concentration affect on the properties of compositions based on polypropylene showed that the in-
troduction of an elastomeric component leads to a regular decrease in the strength and elongation
at break of the compositions. The results of investigation of the thermo-deformation properties of
polymer compositions showed that at a rubber concentration of 30wt%, and higher on thermome-
chanical curves, the region of the high-elastic state characteristic of rubbers is noticeably distin-
guished. Taking into account that the rubber materials are obtained during the process of their
vulcanization, it seemed interesting to crosslink materials with two types of vulcanizing agents —
dicumyl peroxide and sulphur for obtaining comparable results. The concentration of dicumyl per-
oxide was varied between 0.5 - 2.0 wt%. It was found that the use of dicumyl peroxide in an amount
of 1.0-2.0 wt% is accompanied by intense occurrence of crosslinking with the formation of an irre-
versible highly crosslinked structure in the polymer composition. Based on the evaluation of the
melt flow index of the vulcanized compositions, it was found that at the concentration of dicumyl
peroxide in an amount of 0.5 wt% they still retain the ability to flow. At concentrations above 0.5 wt% of
dicumyl peroxide the polymer compositions completely lose the fluidity of the melt. It was found
that with an increase in the sulphur concentration from 3.0 to 10 wt% the decrease in the melt flow
index from 2.76 to 0.616 g/10 min is observed. It was found that the crosslinking process predomi-
nantly proceeds through double bonds of butadiene-nitrile rubber, thereby facilitating the produc-
tion of dynamically vulcanized polymer materials with a unique combination of structure and prop-
erties. This was confirmed by the results of a study of the thermo-deformation characteristics of
compositions, according to which a transition from the region of a high-elastic state to viscous-flow
state is observed in all samples subjected to sulfur vulcanization. The results of the study make it
possible to state that dynamic thermoplastic elastomers can be obtained only if the ratio of the
components used in the polymer composition is correctly selected.

Key words: polypropylene, butadiene-nitrile rubber, vulcanizing agent, dicumyl peroxide, sulphur,
thermo-deformation characteristics
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INTRODUCTION

Polymer materials are widely used in various
fields of technology. This, first of all, is due to suffi-
ciently good physical and mechanical properties and
the ability to be processed into various structural types
of products within a few seconds. As technology pro-
gresses in such profiling areas as engineering, ship-
building, aircraft construction, and in key areas such as
space, military and military space equipment, ever
more stringent requirements have been made towards
the quality of polymer materials used in these areas. Of
particular interest are polymer materials such as ther-
moplastic elastomers, which are known to have the
properties of rubbers, but are processed as conven-
tional thermoplastics. A great interest in these materi-
als is due to the fact that for the production of rubber
products in the pressing process it takes 20-30 min,
while for the production of similar products of thermo-
plastic elastomers it takes no more than one minute [1-5].

Thermoplastic elastomers are materials obtained
by mixing thermoplastics with elastomers. Despite the
obvious advantages of thermoplastic elastomers in
their manufacture, there are problems associated with
the compatibility of the blended components of the
mixture. This problem becomes even more urgent
when polar polymers are used as blended polymers. In
particular, we are talking about non-polar polyolefins
and polar synthetic elastomers. In the absence of suffi-
cient technological compatibility between them, poly-
mer materials obtained on their basis are characterized
by low physical and mechanical characteristics that are
inadmissible for the manufacture of qualitative struc-
tural products on their basis. In this regard, various
methods are being adopted to improve the technologi-
cal compatibility of polymer mixtures by introducing
into their composition various modifiers, compatibil-
izers, structurants, plasticizers, etc. [6-8].

In this regard, the aim of the studies was to
solve two main problems, using polypropylene (PP)
and butadiene-nitrile rubber (SKN) as examples: im-
proving the technological compatibility of the poly-
mers of different polarity and obtaining thermoplastic
elastomers based on them.

EXPERIMENTAL PART

Polypropylene (PP), butadiene-nitrile rubber
grade SKN-18, SKN-26 and SKN-40 were used as the
object of the study. The concentration of SKN in the
composition based on PP was changed in the range of
0-50 wt%.

Dicumyl peroxide (PD) — a light yellow pow-
der, with T, = 40 °C, is intended for the preparation of
crosslinked structures in polymers.
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In order to improve the miscibility and techno-
logical compatibility of SKN with PP compatibilizer
has been used, which is the methacrylic acid-modified
PP (PPMAA).

The compatibilizer was produced in the pro-
cess of mechanochemical synthesis of the modified PP.
For this purpose, MAA was injected into the PP melt
at the temperature of 180-190 °C. As a result of inten-
sive thermomechanical effect in PP melt macroradicals
are formed which joined MAA monomers. The con-
centration of MAA in the composition of the PP was
determined according to the method of IR spectral
analysis developed by us earlier using the calibration
formula C = 23.1D [8]. According to the calibration
formula, the concentration of MAA in the compatibil-
izer (PPMAA) was 38 wt%.

Mixing of polymer blends was carried out on
friction rollers at the temperature of 150-160 °C, and
the rolling time of 10 min. After melting of the PP at
the beginning PMAA was introduced in an amount of
3-7 wt%, further SKN was introduced and mixed for
7 min. In order to vulcanize the polymer blends, the
crosslinking agent - dicumyl peroxide (DP) in the
amount of 0.5-2.0 wt% or sulfur in the range of 3-10 wt%
was added to the composition on the rollers. Pressing
of plates for testing the physico-mechanical properties
of composite materials was carried out at the tempera-
ture of 170-180 °C.

The melt flow index (MFR) of the polymer
compositions was determined on rheometer “MELT
FLOW TESTER CEAST MF50” (INSTRON, Italy) at
190 °C and the load of 5 kg.

Physico-mechanical characteristics were de-
termined by standard methods: tensile yield stress (o)
and elongation at break (&) were determined in accord-
ance with GOST 11262-80.

The gel fraction was determined in Soxhlet ap-
paratus, where xylene was used as solvent for PP and SKN.

Thermomechanical properties were deter-
mined on the Kanavets plastometer. The deformation
was measured at successively varying temperatures.
When constructing a thermomechanical curve of a pol-
ymer, it is very important to cover, if possible, the en-
tire temperature range of the polymer composition —
glassy (crystalline), high-elastic and viscous-flow
state. Thermomechanical curves reflect all possible
physical, physico-chemical and chemical processes oc-
curring in the sample as a result of change in the tem-
perature of the experiment and, thereby, provide relia-
ble information on the temperature transitions that are
significant for polymer processing.
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RESULTS AND DISCUSSION

For a better understanding of the processes oc-
curring in the formation of thermoplastic elastomers,
as the object of the study were chosen polymer systems
such as PP+SKN-40, PP+SKN-26, PP+SKN-18. The
use of a wide range of components of the mixture
makes it possible to obtain reliable information on the
effect of the composition, type, and concentration of
the reacting components of the polymer composition
on their thermal deformation and physico-mechanical
properties on the basis of a system analysis of the ex-
perimental data. Table 1 shows the deformation-
strength properties of the above mentioned polymer
mixtures without any modifying additives. It was nec-
essary to find out how the deformation-strength prop-
erties of polymer mixtures based on PP change depend-
ing on the content of SKN of different grades in the
composition.

Analyzing the data presented in Tablel, it can
be established that the introduction of SKN into the
composition of PP leads to a deterioration in the defor-
mation-strength characteristics of polymer mixtures.
Such decrease in strength is characteristic for polymer
compositions in which an elastomeric component is in-
troduced. Polymer mixtures of thermoplastic with an

elastomer, as a rule, lead to the formation of the struc-
ture and properties of thermoplastic elastomers. In this
case, the properties of the samples were characterized
by the tensile yield stress (o, MPa) and elongation at
break (g, %), which are most sensitive to changes in the
structure and formulation of compositions. As can be
seen from Table 1, irrespective of the SKN grade, sig-
nificant decrease in € of polymer mixtures is observed
simultaneously with the decrease of ot from 550% for
the initial PP to 10-20% for the PP mixture + 50 wt%
SKN. On the one hand, the introduction of an amor-
phous component to 50 wt% in the composition of
semicrystalline PP leads to decrease in the degree of
crystallinity from 58 to 12%, and on the other hand,
such sharp decrease in the strength and elongation at
break of the polymer mixtures under consideration un-
equivocally testifies to the lack of necessary technolog-
ical compatibility and sufficient miscibility of these
polymers.

As can be seen from Table-1, the samples con-
taining in their composition as the elastomeric compo-
nent SKN-18 are characterized by comparatively better
values for strength and relative elongation.

Table 1

Influence of the concentration of different SKN grades on the tensile yield stress and elongation at break (ov/c) of
composite materials based on PP
Tabnuya 1. Bausinue xoHueHTpanuu pa3inynbix Mapoxk CKH Ha npenen Teky4yecTH NpU pacTsKeHHMH M OTHOCH-
TCJIbHOC YIJTHHCHUE (6t/£) KOMITIO3UITHOHHBIX MATEPHUAJTIOB HA OCHOBE Juil|

Ne Composition formulation Concentration of SKN in the composition of PP, wt%

0 10 20 30 40 50
1 PP+SKN-18 33.6/250 | 25.8/150 18.4/90 9.3/45 5.4/20 3.8/10
2 PP+SKN-26 33.6/250 | 25.0/140 16.7/80 8.8/30 5.2/20 3.8/10
3 PP+SKN-40 33.6/250 | 22.2/120 13.5/55 7.2/10 4.3/10 3.2/10

The relatively low polarity of this rubber pro-
vides a relatively better compatibility with nonpolar
PP. As the concentration of nitrile groups in the com-
position of SKN increases (from 18 to 40 wt%), its
technological compatibility with PP significantly dete-
riorates, which is manifested in significant decrease in
deformation-strength characteristics.

In order to improve the compatibility of the
considered components of the mixture methacrylic
acid-modified PP has been used as compatibilizer.
Modification of PP by the above mentioned acrylic
monomer was carried out during its introduction into
the hot melt of PP in roll mills. The compatibilizer ob-
tained in the process of mechanochemical synthesis
was characterized by the presence of hydrocarbon
macrochains of PP and grafted MAA chains. Actually,
one of the main features of the compatibilizer structure
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is that one branch of the macro chain combines with
the nonpolar one and the other with the polar polymeric
component. In this case, apparently, the free hydrocar-
bon part is built into the crystal structure of the PP, and
the grafted MAA chains are distributed in the SKN
phase or in the regions bordering it. Such interaction of
the multi-polar macrochains helps to reduce the inter-
facial tension and increase adhesion at the interface be-
tween the polymer phases. We assume that this type of
compatibilizers is mainly distributed in the boundary
regions of the interphase region, which, like filaments,
bind two dissimilar polymers [5, 9].

To confirm what was said, the results of study
of the effect of the concentration of SKN and compat-
ibilizer (PPMAA) on the tensile yield stress and the
elongation at break of the compositions are presented
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in Table 2. The concentration of MAA in the composi-
tion of PP was 38 wt%. From the experimental data, it
can be established that, in concentration-dependent
PPMAK, the strength and elongation at break are
changed according to particular regularity. Firstly, the
introduction of PPMAA in the composition of the ini-
tial PP leads to a change in the tensile yield stress with
a maximum at its concentration equal to 5.0 wt%. It is
typical that with an increase in the concentration of

PPMAA elongation at break is constantly decreasing,
which may be due to its incompatibility with the poly-
mer matrix (PP). The fact that the maximum strength
of the compositions is achieved when 5.0 wt%
PPMAA can be interpreted by the fact that during the
crystallization process of PP melt macrochain seg-
ments containing polar groups, preferably displaced in
amorphous region and crystal defects.

Table 2

Influence of the concentration of various SKN grades on the tensile yield stress / elongation at break (ot/c) of com-
posite materials based on PP, modified with a compatibilizer (PPMAA)
Taonuya 2. Bausaue koHueHTpanuu pa3inyHbix Mapok CKH Ha nmpees TeKy4ecTH NpH pacTsizKeHMH/0THOCUTeJIbHOe
yAInHeHHe (6/€) KOMITO3UIIMOHHBIX MaTepuajioB Ha ocHoBe I, MomduumpoBaHHbIX KoMnaTuénmsaropom (IIMMAK)

Ne Composition formulation Concentration of SKN in the composition of PP, wt%
0 10 20 30 40 50

1 PP+SKN-18+3.0% Ct 30.3/185 26.4/190 | 18.9/145 9.9/115 5.8/90 4.0/50
2 PP+SKN-26+3.0% Ct 30.3/185 | 25.8/190 | 17.5/135 9.2/100 5.5/70 4.0/60
3 PP+SKN-40+3.0% Ct 30.3/185 | 24.5/190 | 14.4/115 8.7/85 5.1/50 3.7/50
4 PP+SKN-18+5.0% Ct 28.8/155 | 26.9/175 | 19.1/155 | 10.2/110 | 6.2/100 | 4.2/90
5 PP+SKN-26+5.0% Ct 28.8/155 | 27.4/180 | 18.2/160 9.7/95 5.7/90 4.5/75
6 PP+SKN-40+5.0% Ct 28.8/135 | 25.7/175 | 16.6/150 9.3/65 6.5/80 4.4/60
7 PP+SKN-18+7.0% Ct 27.5/130 | 26.0/145 | 18.2/110 9.1/95 5.7/70 3.2/40
8 PP+SKN-26+7.0% Ct 27.5/130 | 28.0/165 | 19.0/120 10.4/85 6.3/50 4.9/45
9 PP+SKN-40+7.0% Ct 27.5/130 | 26.3/160 17.8/95 9.8/65 6.9/40 5.7/45
10 PP+SKN-18+10.0% Ct 24.9/55 24.4/85 16.3/85 7.2/65 3.8/55 2.7/30
11 PP+SKN-26+10.0% Ct 24.9/55 26.1/90 18.1/80 8.8/50 5.1/35 3.7/30
12 PP+SKN-40+10.0% Ct 24.9/55 25.8/95 16.0/75 9.2/45 6.2/30 4.3/20

*compatibilizer — in the table abbreviated Ct
* komnaTuOHIU3aTop obo3Havaercs Ct

We believe that the concentration of polar
groups in amorphous regions that have a large number
of "pass-through" chains leads first to the strengthen-
ing of the supramolecular structure of the polymer ma-
trix. Introduction of more than 5wt% PPMAA, on the
contrary, already leads to decrease in the o; of the ini-
tial PP. The latter circumstance is interpreted by the
fact that at high concentrations of polar groups in
amorphous PP regions, the latter block the segmental
mobility of the transmission chains, thereby contrib-
uting to brittle fracture of the sample [5, 9].

The introduction of compatibilizer in the com-
position PP+SKN, regardless of the SKN grade and its
concentration in the composition, significantly im-
proves the deformation-strength characteristics. In this
case, the more nitrile groups content in SKN, the effect
of improving ot and € of PP + SKN composition is ob-
served at higher concentrations of PPMAK. In other
words, the greater the polarity of the synthetic rubber,
the more the compatibilizer is required to achieve the
maximum effect in properties.
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It is quite obvious that SKN is vulcanized by
sulphur and organic peroxides. This issue in the litera-
ture is given a lot of attention. However, in spite of this,
studies dealing with the production of dynamically vul-
canized thermoplastic elastomers based on a mixture
of PP+SKN+PPMAA are very limited. Therefore, in
this paper we made an attempt to separately consider
the possibility of vulcanization of PP+SKN composi-
tions with dicumyl peroxide (DP) and sulphur in the
presence of PP-MAA. It was important to find out how
essential the role of the compatibilizer in the process of
vulcanization and the formation of the region of high-
elastic deformation, characteristic for rubbers.

Table 3 presents the results of a study of the
influence of the various grades of SKN and DP con-
centration on the stress-strain properties of composites
based on PP+SKN+PPMAA. From the comparative
analysis of the data given in this table, it can be estab-
lished that with an increase in the concentration of DP
from 0.5 to 2.0 wt%, there is a regular tendency to de-
crease the strength of the initial PP modified with com-
patibilizer. This circumstance is interpreted in that the
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introduction of DP into the PP melt promotes the for-
mation of macroradicals of the initial PP and compati-
bilizer, which in the process of recombination lead to
the formation of an irreversible cross-linked spatial
structure. In the process of crystallization from the
melt, the crosslinked sections exert a substantial coun-
teraction to the formation of long-range order in the
crystalline phase of the PP. Therefore, in the process of
crystallization from melt in such structures, the growth
of crystals is accompanied by the displacement and
concentration of crosslinked and unordered branches
in the interspherolite space. And, the greater the con-
centration of DP in the composition, the more cross
bonds are formed, which hinders crystallization from
the melt. The results of the study of crosslinked com-
positions properties are confirmation of this. Firstly, it
IS necessary to single out common patterns in changing
properties and, secondly, to substantiate the main rea-
sons that contribute to these changes. Thus, for exam-
ple, with an increase in the concentration of the elasto-
meric component, there is a general tendency to de-
crease the strength and increase in the elongation at
break, which is typical for this type of polymer mix-
tures. At the same concentration of the elastomeric
component with an increase in the content of nitrile

groups in the SKN (SKN-18 — SKN-26 — SKN-40),
the strength and elongation of the compositions are
regularly decreased. This is interpreted by the fact that,
as already noted above, the PP is poorly combined with
the polar nitrile rubber and, the more nitrile groups in
the SKN, the greater the polarity of the rubber and, ac-
cordingly, the worse with their technological compati-
bility. From a comparative analysis of the data in Table 3,
it can be established that compositions with 0.5 wt% of
DP possess relatively high stress-strain properties. We
assume that at small concentrations of DP the cross-
linking proceeds predominantly along the most vulner-
able double bonds of the SKN, as a result of which dy-
namically vulcanized thermoplastic elastomers are
formed [10,11]. In other words, these results in obtain-
ing a rare network structure with a unique morphology
in which the cured elastomer particles (SKN) are dis-
persed in the continuous phase of the thermoplastic
matrix. At high concentrations of DP, highly cross-
linked spatial structure is formed throughout the vol-
ume of the composition with the participation of
macrochains not only of elastomers but also of PP.
Therefore, in order to obtain dynamically vulcanized
thermoplastic elastomers, it is necessary to use DP with
its minimum content (up to 0.5 wt %).

Table 3

Influence of the concentration of various SKN grades and crosslinking agent (DP) on the tensile yield stress/elonga-
tion at break (ot/g) of composite materials based on PP, modified with 5 wt% PPMAA
Taénuua 3. Bnusinne koHuentpauuu pazanynbix Mmapok CKH u cuunBarouero arenra (II[) Ha npenes TekydecTu
NPH PacTsI’KEeHUN/OTHOCUTEIBHOE YIJuHeHHe (6t/€) KOMIO3HIIMOHHBIX MaTepHaioB Ha ocHoBe I1I1, Mmoxuduumpo-
BaHHBbIX 5% macc. [IIIMAK

Ne Composition formulation Concentration of SKN in the composition of PP, wt%
0 10 20 30 40 50

1 | PP+SKN-18+5.0%Ct+0.5DP | 32.5/95 | 28.5/100 | 20.3/125 12.1/165 | 7.2/190 | 5.3/210
2 | PP+SKN-26+5.0%Ct+0.5DP | 32.5/95 | 29.1/110 | 21.5/130 12.8/170 | 7.4/205 | 5.9/190
3 | PP+SKN-40+5.0%Ct+0.5DP | 32.5/95 | 27.8/105 19.5/120 10.9/155 | 7.9/100 5.8/90
4 | PP+SKN-18+5.0%Ct+1.0DP | 25.4/60 28.2/90 21.2/135 13.7/150 | 8.4/165 | 6.1/190
5 | PP+SKN-26+5.0%Ct+1.0DP | 25.4/60 28.8/80 22.4/130 13.2/155 | 8.7/175 | 6.2/175
6 | PP+SKN-40+5.0%Ct+1.0DP | 25.4/60 26.0/70 19.8/110 11.5/125 8.8/90 6.2/80
7 | PP+SKN-18+5.0%Ct+2.0DP | 17.7/15 18.0/35 18.2/50 11.1/75 7.7/90 6.3/90
8 | PP+SKN-26+5.0%Ct+2.0DP | 17.7/15 18.4/25 17.7/40 12.5/75 8.6/80 6.5/85
9 | PP+SKN-40+5.0%Ct+2.0DP | 17.7/15 18.0/20 16.8/40 10.6/65 7.7/70 7.0/75

*compatibilizer — in the table abbreviated Ct
* kommaTuOMIM3aTop obo3Havaercs Ct

If we compare the data in Table 2 and 3, it can
be established that in the crosslinked compositions (PP
+ SKN) elongation at break and strength are higher
than those for unvulcanized ones. With increasing con-
centration of the elastomeric component, the cross-
linking promotes in a greater degree the appearance of
rubber properties in the samples. The latter circum-
stance is expressed in significant increase in the elon-
gation at break of the samples. At a relatively higher
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concentration of DP, equal to 2.0 wt% highly cross-
linked spatial structure is formed in the samples. The
last impairs deformation-strength properties of compo-
site materials.

Table 4 shows the results of the study of the
sulphur vulcanization effect on the regularity of the
change in the deformation-strength characteristics of
compositions based on PP + SKN. Analyzing the data
in this table, it can be established that the introduction
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of sulphur improves the deformation-strength proper-
ties of modified PP samples that do not contain an elas-
tomeric component. Along with this, vulcanized poly-
mer mixtures remain the properties at a satisfactory level.
In order to find out at what ratio of polymer
components in the compositions the properties of ther-
moplastic elastomers are manifested; let us turn to the

results of investigation of their thermomechanical
properties. For this purpose, the results of the investi-
gation of the thermomechanical characteristics of un-
vulcanized and vulcanized polymer mixtures are given
in Fig. 1-4.

Table 4

Influence of the concentration of various SKN grades and sulphur on the tensile yield stress/elongation at break

(ot/g) of composite materials based on PP, modified with 5 wt% PPMAA

Tabnuya 4. Binsinue koHIeHTpanuu pa3indHbix Mapok CKH u cepnbl Ha nipees1 TeKy4ecTH IPH PACTSIAKEHUH/OTHOCH-
TeJIbHOE Y/IIINHEeHHE (61/€) KOMIIO3UIIMOHHBIX MaTepHaJIoB Ha ocHoBe I, MmomuduimpoBanubix 5% mace. [IMMMAK

. . Concentration of SKN in the composition of PP, wt%
NeNe Composition formulation 0 10 20 30p 20 50
1 PP+SKN-18+5.0%Ct+3.0%S 33.4/275 | 27.2/280 | 19.5/280 | 10.1/135 | 5.8/90 4.1/90
2 PP+SKN-26+5.0%Ct+3.0%S 33.4/275 | 26.3/310 | 17.4/250 | 9.5/170 | 5.7/205 4.2/190
3 PP+SKN-40+5.0%Ct+3.0%S 33.4/275 | 24.9/165 | 14.5/125 | 8.0/105 4.9/80 3.7/65
4 PP+SKN-18+5.0%Ct+5.0%S 34.7/300 | 27.9/490 | 20.4/135 | 10.8/150 | 6.2/165 4.5/190
5 PP+SKN-26+5.0%Ct+5.0%S 34.7/300 | 27.0/320 | 18.3/250 | 10.1/160 | 6.4/175 4.8/175
6 PP+SKN-40+5.0%Ct+5.0%S 34.7/300 | 25.8/170 | 15.9/150 | 8.5/125 | 5.6/100 4.4/90
7 PP+SKN-18+5.0%Ct+10.0%S 31.5/170 | 24.5/185 | 17.0/180 | 9.5/165 | 5.3/150 4.0/70
8 PP+SKN-26+5.0%Ct+10.0%S 31.5/170 | 25.1/170 | 16.1/150 | 8.2/155 | 5.5/110 3.9/85
9 PP+SKN-40+5.0%Ct+10.0%S 31.5/170 | 22.5/180 | 13.7/115 | 7.8/105 4.9/95 3.8/65
**compatibilizer — in the table abbreviated Ct, sulphur — S
** gommarudmm3satop obo3navaercs Ct, cepa - S
Thus, for example, Fig. 1 shows the results of
study of the polymer mixtures PP+SKN-40 thermome-
chanical characteristics at various ratios. The choice of
SKN-40 is justified by the fact that this grade of nitrile ks
rubber contributes the most to the production of benzo- ‘g
oil-heat-resistant materials operating under severe ex- s
treme operating conditions. Analyzing the presented =
experimental data, it can be established that the SKN-
40 exerts a certain influence on the character of the
change in the thermomechanical curves. At 20 wt% the
latter has an insignificant effect on the regularity of the

change in the thermomechanical curve. However, at
the concentration of SKN-40, equal to 30 wt% and
above there is a process approaching the formation of
a region of high-elastic deformation.

The transition to the viscous-flow state at 30,
40, and 50 wt% of SKN-40, starts at 157, 164 and 166 °C
respectively. At the same time, the process of transition
from the crystalline to the high-elastic state for compo-
sitions with 30, 40, and 50 wt% SKN-40, begins at the
temperature equal to 141, 143 and 135 °C, respectively.
In other words, with an increase in the concentration of
the elastomeric component, the sharpest temperature
transition from crystalline to high-elastic occurs at the
concentration of 50 wt%. At the same time, an appre-
ciable temperature transition from the highly elastic to
the viscous-flow state occurs at 40 wt% of SKN-40.
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0 50 100 150 200 T,°C
Fig. 1. Influence of the concentration of SKN-40 (wt%) on the na-
ture of the change in thermomechanical curves of compositions
based on PP + SKN-40: 1- 0; 2 - 20; 3- 30; 4 - 40; 5 - 50
Puc. 1. Bnusuaue xonuentpanun CKH-40 (%mMacc.) Ha xapaktep
U3MEHCHUSA TEPMOMEXaHNYECKNX KPUBBIX KOMHO3HHHﬁ Ha OCHOBEC
MIT+CKH-40: 1- 0; 2-20; 3-30; 4 -40;,5-50

In order to study the compatibility of the poly-
mer mixtures under consideration and to reveal the role
of the compatibilizer in the change in the thermome-
chanical curves, we consider the data presented in Fig. 2.
This figure shows the thermomechanical curves of the
compositions PP+SKN-40 + 5.0 wt% PPMAA with
different concentrations of the elastomeric component.
As can be seen from this figure, at a concentration of
SKN-40 equal to 30 wt% and above, a region of high-
elastic deformation begins to be traced in the composi-
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tion, which, with further increase in temperature, be-
comes a viscous-flow state. From the comparative
analysis of the data in Figs. 1 and 2, it can be estab-
lished that the process of forming a region of high-elas-
tic deformation in the presence of a compatibilizer at
30 wt% concentration of SKN-40 is less pronounced.
It is also characteristic that the formation of a plateau
in the region of high-elastic deformation begins most
clearly at 40 wt% SKN and higher.

In this case, the transition to the viscous-flow
state in compositions with 30, 40, and 50 wt% of SKN-
40 begins, respectively, at 152, 154, 158 °C. In com-
parison with the thermomechanical curves shown in
Fig. 1, the process of transition to the viscous-flow
state in the presence of compatibilizer begins at rela-
tively low temperature. The transition temperature
from crystalline to high-elastic for samples with 30, 40
and 50 wt% begins respectively at the temperature of
142, 138 and 127 °C. It becomes obvious that the use
of PPMAA as a compatibilizer of polymer mixtures
PP+SKN-40 helps to reduce temperature transitions
from one state to another. The latter circumstance fa-
vorably affects the processing of composite materials,
as it helps to reduce energy costs. Thus, the influence
of the compatibilizer on reducing temperature transi-
tions from one state to another can also indicate the
production of thermoplastic elastomers, which have a
unique combination of rubber-like properties that are
processed like conventional thermoplastics.

Deformation
N

AOD(AO.XIA X0

0 50 100 150 200 T,°C
Fig. 2. Influence of the concentration of SKN-40 (wt%) on the na-
ture of the change in thermomechanical curves of compositions
based on PP+SKN-40+5 wt% PPMAA: 1-20; 2- 30; 3 -40; 4 -50
Puc. 2. Biusuaue xonuentpaunn CKH-40 (%macc.) Ha XapakTep
HU3MCHCHUA TEPMOMEXAHUYCCKUX KPUBBIX KOMHOSI/IHI/Iﬁ Ha OCHOBC
[IT+CKH-40+5%Mmacc. IIIIMAK: 1-20; 2- 30; 3 -40; 4 -50

It is quite obvious that the process of properties
formation of thermoplastic elastomers will depend not
only on the concentration of SKN-40. Judging by the
thermomechanical curves, thermoplastic elastomers

114

are more likely to characterize compositions contain-
ing, in addition to 5.0 wt% PPMAA, 40-50 wt% SKN-
40 for the compositions in question. The obtained re-
sults unequivocally testify to the fact that PPMAA has
a significant influence on the improvement of techno-
logical compatibility of the blended components and,
thereby, contribute to the production of new types of
thermoplastic elastomers on their basis.

Despite a sufficient number of works devoted
to the problem of obtaining vulcanized thermoplastic
elastomers, very limited research is devoted to the
problems of studying the effect of the type and concen-
tration of crosslinking agents on their thermomechani-
cal characteristics [1, 6, 8]. In this connection, it
seemed interesting to investigate the effect of various
crosslinking agents on the nature of the change in the
thermomechanical properties of polymer mixtures. At
the same time, based on the results of the study of the
compositions properties in question, the samples based
on PP + 50 wt% SKN-40+5.0 wt% PPMAA were used
as the object of the study.

For example, Fig. 3 and 4 show the results of
studying the effect of DP and sulphur on the nature of
the change in the thermomechanical properties of the
objects under study. Comparing the curves in Fig. 3, it
can be seen that with an increase in the concentration
of PD from 0.5 to 2.0 wt%, there are quite significant
changes in thermomechanical curves.

According to the data presented in Fig. 3, the
introduction of DP into the composition is accompa-
nied by an increase in the temperature transition from
the crystalline to the high-elastic state. So, for example,
as the concentration of DP increases from 0 to 2.0 wt%
the initial process of deformation processes in general
starts from 98 to 143 °C, respectively. The temperature
transition from crystalline to high-elastic changes, re-
spectively, in the range of 128-167 °C.

The temperature transition from the high-elas-
tic state to the viscous flow is manifested only in sam-
ples with rare network structure, crosslinked by 0.5 wt% of
DP, and is 187 °C. At the concentration of DP above
0.5 wt% there are irreversible rigid crosslinked struc-
tures that hamper the process of softening the polymer
mixture. And, the more the concentration of DP intro-
duced into the composition, the more rigid highly
crosslinked structures are formed. According to the
thermomechanical curves presented in Fig. 3, the addi-
tion of 0.5 wt% of DP still retains the ability of the pol-
ymer mixture to transition from a high-elastic state to
viscous flow at 187 °C, enabling them to be processed
by injection molding and extrusion methods. We as-
sume that the introduction of 0.5 wt% DP creates the
conditions for proceeding of the dynamic vulcaniza-
tion of the rubber phase.
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Deformation
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0 S0 100 150 200 T,°C
Fig. 3. Influence of the concentration of DP (wt %) on the nature
of the change in thermomechanical curves of compositions based
onPP+50 wt% SKN-40+5 wt% PPMAA+DP: 1- 0; 2- 0.5; 3- 1.0;
4-2.0
Puc. 3. Biusinue kontentpanyu [1]] (%oMacc.) Ha XapakTep H3MeHe-
HUA TEPMOMEXAHNYECKUX KPUBBIX KOMHOSI/IL[I/Iﬁ Ha OCHOBC
TIT+50%macc. CKH-40+5%macc. IMIMAK+I/; 1- 0; 2- 0,5; 3- 1,0;
4-20

Further increase in the concentration of DP
(more than 0.5 wt %) leads to the fact that the sample
loses its ability to transition to a viscous flow state. In
this case, not only the rubber phase is crosslinked, but
also the PP macromolecules, which is accompanied by
a further deterioration of the properties and the ability
of the compositions to deform. We do not exclude that
at this temperature, due to the residues of the unreacted
DP, a further process of crosslinking takes place
throughout the volume of the polymer matrix, which
further complicates the deformation of the samples. In
this state, the crosslinked composition completely
loses its ability to flow. According to the obtained data,
the melt flow index (MFI) of the initial PP is 3.12 g/10 min,
PP+50 wt% SKN-40+5.0 wt% PPMAA composition is
1.93 g/10min.The introduction of 0.5 wt% of DP in the
composition reduces the MFI to 0.55 g/10min, and at
the concentration of 1.0 and 2.0 wt% of DP the cross-
linked compositions completely lose their ability to
flow and the MFI becomes zero. The zero value of MFI
does not allow their processing by injection molding
and extrusion methods. This is confirmed by the results
of evaluation of the gel fraction. According to these
data, the introduction of 0.5, 1.0, and 2.0 wt% of DP
leads to the formation of gel fractions in the composi-
tion, respectively, in an amount of 11, 54 and 78 wt%.
The obtained data once again allow us to state that the
concentration of the cross-linking agent should be se-
lected experimentally, not exceeding the threshold
concentration at which the polymer material loses the
ability to be processed on standard equipment for plastics.

Fig. 4 shows the thermomechanical curves of
the composition of PP+50wt% SKN-40+5.0wt%
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PPMAA+sulphur. The concentration of the vulcaniz-
ing agent — sulphur was varied within the range of 3-
10 wt%. Analyzing the thermomechanical curves in
this figure, you can see that they are radically different
from the data shown in Fig.3.The change in sulphur
concentration in the range of 3.0, 5.0, 7.0 and 10.0 wt%
is accompanied by the formation of high-elastic plat-
eau, characteristic for rubbers. The transition from the
crystalline to the high-elastic state takes place at 140,
151, 153, 155 °C, respectively. Along with this, the
temperature transition from the high-elastic to the vis-
cous flow state occurs at 173, 175, 180, 198 °C, respec-
tively. Unlike PD, the introduction of sulfur does not
lead to the formation of an irreversible highly cross-
linked structure, providing the possibility of their pro-
cessing on the equipment of thermoplastics. The nature
of the change in thermomechanical curves is a confir-
mation of this.

This is confirmed by the results of MFR meas-
uring. So, for example, with an increase in the sulphur
concentration from 3 to 10 wt%, the MFR of the sam-
ples decreases from 2.76 to 0.616 g/10min.

Deformation
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0 50 100 150 200 T,°C
Fig. 4. Influence of the concentration of sulphur (wt %) on the nature
of the change in thermomechanical curves of compositions based on
PP+50 wt% SKN-40+5 wt% PPMAA+ sulphur: 1- 0; 2- 3.0; 3-5.0;

4-7.0,5-100
Puc. 4. Bnusane koHIEeHTparuu cepsl (YoMacc.) Ha XapakTep u3-
MCHCHHA TCPMOMEXAHNYCCKUX KPUBBIX KOMHOSI/IHI/Iﬁ Ha OCHOBE
MI1+50%macc. CKH-40+5%macc. ITTIMAK+cepa: 1-0; 2- 3,0;
3-5,0;4-7,0;5-10,0

The process of sulphur vulcanization proceeds
mainly through the double bonds present in the poly-
mer matrix. In SKN, the number of double bonds is
many times greater than in PP. Therefore, there is rea-
son to believe that sulphur vulcanization will predom-
inantly proceed in the elastomeric phase, allowing dy-
namically vulcanized thermoplastic elastomers with
unique morphological features of the structure, accord-
ing to which the particles of the cured elastomeric com-
ponent become dispersed in the continuous thermo-
plastic matrix of PP.

115



N.T. Kakhramanov, Z.N. Huseynova, U.M. Mammadli, N.B. Arzumanova, E.V. Dadasheva, B.A. Mammadov

Thus, on the basis of the foregoing, it can be

stated that the study of the thermomechanical proper-
ties of the composite materials under consideration
makes it possible to obtain rather comprehensive infor-
mation on the structural features of polymer mixtures
and phase transitions from one physical state to an

10.

11.

12.

13.

14.

15.

116

JUTEPATVYPA

Boabsdcon C.HU. [luHamMu4ecKku BYJIKaHH30BaHHBIE TEPMO3-
nactomiactel: [lomydenume, mepepaboTka, cBoifcTBa. M.:
Hayka. 2004. 173 c.

HpyT 3.B. TepMonnacTUUHBIC 3JACTOMEPHI: HHHOBAIMU U
noteHnman. Munosamuxa u sxcnepmusa. 2013. T. 10. Beim.
1. C. 68-75.

MpyTt 3.B., 3enenenxuii A.H. Xumiaeckas Momudukanus
U CMEIIEeHNe NOJIMMEPOB B SKCTpyAepe-peakrope. Yen. xu-
muu. 2001. T. 70. Ne 1. C.72-87

CumonoB-EmennsinoB WU.JI. [IpuHiune! co3nanus u nepe-
PabOTKH KOMITO3UIIMOHHBIX MaTePHUANIOB JUCTIEPCHON CTPYK-
TypbL. [lnacm. maccor. 2005. Ne 1. C. 11-16.

Kpasuenko T.I1., EpmakoB C.H., Kepoep M.JI., Kocrsi-
ruHa B.A. HayuHo-TexHnueckue NpoOJIEMbI MOTYyYECHHS
KOMIO3UIMOHHBIX MaTepPHAIOB Ha OCHOBE KOHCTPYKIMOH-
HBIX TepMOIUIacToB. [1nacm. maccei. 2010. Ne 10. C. 32-37.
Kyae3uneB B.H. Cmecu mommmepos. M.: Xumust. 1980. 304 c.
Epmakos C.H., KpaBuenko T.II. CoBMeCTUMOCTB TOJTME-
poB. TepMoanHaMUUeCKUe U XUMUYECKHE aCleKThl. [Inacm.
maccer. 2012. Ne 4. C. 32-39.

Kaxpamanasl F0.H. HecoBmecTuMble nouMepHbIE CMECU
¥ KOMIIO3UIMOHHBIE MaTepHaibl Ha X OcHOBe. baky: Dmm.
2013. 152 c.

HecrtepoB A.E., Jledeaes E.B. Monudukarus nmoamMepon
MOJMMMEPHBIMHU fHo0aBkamu. Yen. xumuu. 1989. T. 58. Bpim.
8. C. 1384-1403.

Kaxpamanos H.T., I'agxuesa P.II., I'yaues A.M. Ilpo-
0JIeMBI U PELICHUS] TEXHOIOTHYECKOH COBMECTUMOCTH IOJIHU-
MEpHBIX CMecell Ha OCHOBE IOJIMaMH[a, IOJIHMypeTaHa |
ABC-cononumepa. Azepbatidscan. xum. scypr. 2013. Ne 4.
C. 80-86.

Kaxpamanos H.T. UK-cnexrpanbHblii aHanu3 CTPYKTYpbI
HNPUBHTHIX COMOJIMMEPOB [13 ¢ akpHIOBBIMM MOHOMEpaMu.
Asepbaiioocan. xum. scypr. 2004. Ne 2. C. 156-158.
Cupora A.I'., Byropkxosa B.C. O6 s¢dpexTuBHOCTH TONISP-
HBIX MOIU(UIMPYIOMHMX N00aBOK K MONMITHIEHY. [liacm.
maccer. 2010. Ne 5. C. 6-11.

JIsamkun .H., Ckpo3uukos C.B., ’Kemepukun A.H. Biu-
SHUE CIoco0a CIIMBAaHHUS Ha CTAOMJIBHOCTh XMMHYECKOM
CETKH MOJMATHICHOBOM M30JIAINH KaOCIbHBIX U3ACIHN TPH
TEPMOMEXaHHMYECKOM BO3ICUCTBHH. [lnacm. maccvr. 2012.
Ne 2. C. 25-28.

Yiurun H.B., le6epaees T.P. Hexoropsie Ba3skoynpyrue
CBOMCTBA IUIOTHOCHIMTBIX CETYATHIX TMOJIMMEPOB. TeopeTM—
yeckuil pacuer. [lnacm. maccer. 2012. Ne 2. C. 34-39.
Kaxpamanos H.T., Kocesa H.C., Baiipamosa U.B., Kyp-
0anoBa P.B. TepmonamacTomiacTel Ha OCHOBE TepMOILIA-
CTHYHBIX NMOJHONE(HUHOB U OyTHiKaydyka. HM36. 6y306. Xu-
must u xum. mexrnoaoeus. 2018. T. 61. Bein. 7. C. 106-113.

other. The results of the studies lead to the conclusion
that dynamic thermoplastic elastomers are formed not
in the course of a simple mixing of a thermoplastic with
an elastomer, but as a result of the correct selection of
their ratio, the type and concentration of the compati-
bilizer and the cross-linking agent.
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